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A Summary of Nitrogen Studies
with Forage Crops
at the Southeast Louisiana Dairy and Pasture
Experiment Station
Marvin Allen, P. E. Schilling, H. D. Ellzey,
and 0. D. Curtis 1
Introduction
Organized field plot research at the Southeast Louisiana Dairy and
Pasture Experiment Station was initiated in 1951 . The basic objective was
to develop practices for the production of forage crops and their utilization
by dairy animals.
The general soil area is characterized as gently sloping to hilly Coastal
Plain. Predominate soil types are Lexington and Providence silt loam and,
to a lesser extent, Bude silt loam, and Luverne and Ruston fine sandy loam.
The A-horizon of the topsoil ranges from 2 to 6 inches in depth. The
native fertility status, as measured by extractable phosphorus, potassium,
calcium, and magnesium, is considered very low.
One of the first agronomic objectives undertaken was to determine the
role of applied nitrogen in grassland farming. There were many un-
answered questions relative to the use of nitrogen. For example, to what
extent would rates of nitrogen affect forage yield of various species? When
should nitrogen be applied? Should nitrogen be applied in single or split
applications over a growing season? Is one source of nitrogen superior to
another?
The purpose of this publication is to summarize data obtained from
experiments involving forage crops and applied nitrogen. Since several
experiments are discussed, only brief and essential points with regard to the
procedure of each experiment are made. Treatments of all experiments
were replicated four times. Phosphorus and potassium is expressed in the
oxide form, that is P2O5 and K2O, respectively, as is commonly found on
fertilizer tabs. The data included should provide a basis for the judicious
use of nitrogen in forage production programs.
^ofessor, Southeast Louisiana Dairy and Pasture Experiment Station, Franklinton:
Professor and Head, Department of Experimental Statistics, LSU Agricultural Experiment
Station, Baton Rouge: Former Professor and Superintendent, Southeast Louisiana Dairy
and Pasture Experiment Station: Specialist (Agronomy). LSU Cooperative Extension
Service, Baton Rouge, respectively.
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Studies with Warm-Season Crops
Response of Millet Forage Yield to Nitrogen Rates and Applications
A 7-year study was conducted to evaluate the forage yield response of
Pearl millet, Pennisetum glaucum L. , to rates and numbers of applications
of nitrogen (N). Starr variety was planted as the test crop the first 4 years,
and Gahi-1 was planted the last 3 years. Plantings were made with a
conventional grain drill at a seeding rate of 30 pounds per acre.
The experimental area was located on a Providence silt loam soil.
Treatments were not repeated on the same plot sites over all years.
Phosphorus (P2O5) and potassium (K2O) were applied uniformly at a
rate of 140 pounds each per acre at planting.
Nitrogen rates were 0 to 480 pounds per acre, applied in 60-pound
increments. Ammonium nitrate (33.5 percent N) was used as the source of
N. The respective N rates were applied in single, two-, and four-way split
applications. Nitrogen of single applications was applied at plantings. Half
of the N of the two-way split was applied at planting and half after the
second harvest. One-fourth of the N of the four-way split was applied at
planting, and one-fourth was applied following the first, second, and third
harvests.
Forage was harvested when the plants averaged 30 inches high. Forage
was cut and removed at a stubble height of 6 inches.
The total number of treatments (25) was made up of eight N rates applied
Table 1.—Dry forage yield of millet averaged over all nitrogen rate-application
combinations (25) by year 1
Year
Forage
lbs/a
No. of
cl ippings
1956 13,410 f 4
1957 9,932 e 4
1958 7,336 d 5
1959 6,593 c 5
1960 4,604 a 3
1961 7,490 d 4
1963 5,253 b 4
Means with same letter do not differ at the .05 level
of significance.
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in all possible combinations of single, two-, and four-way split applica-
tions, plus a no-N check. Season total yields averaged over all treatments
by year are shown in Table 1.
Differences in environmental factors among years resulted in large yield
differences. Most noticeable was a 291 percent higher yield in 1956 as
compared with 1960. The number of clippings per season varied from three
to five with four being typical. Data for 1962 were not included because of
the effects of a drought.
Number of days from planting to first harvest usually ranged from 30 to
35. Generally, all clippings were made within a period of 60 to 90 days.
Consequently, the average life span for millet varied from 90 to 120 days.
Over the 7-year study there was no statistically significant response of
total dry forage yield per acre to number of N applications (Table 2).
Inspection of the data showed a lack of consistency in yield response to
the number of applications of N among years. The variability in amount
and distribution of rainfall among years was probably the main cause of the
inconsistency. Within years total yield varied in response to the number of
applications and N rates.
Mean yields of millet for N rates averaged over numbers of applications
are shown in Table 3. There was a significant increase in total dry forage
harvested with each added increment of N through 480 pounds per acre.
The percentage yield increase per increment ofN was highest at 60 pounds
and least at 360 pounds and above.
The most efficient forage production occurred with 60 pounds of applied
N. There was approximately a 1 .5-pound decrease in forage produced per
pound of N applied with each increment of N.
Assuming that all the forage produced would be properly utilized, the
cost per pound of N and the value per pound of forage would indicate the
rate of N economically justified to be used.
Table 2.—Mean yield response of millet to number of nitrogen (N) applications
1
No. of N Yield,
appl ications lbs/a
1 8,140 a
2 8,065 a
4 8,043 a
Means with same letter do not differ at the .05
level of significance.
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Table 3.—Mean yield responses of millet to applied nitrogen (N), 7-year average 1
% Yield Pounds
N, Yield increase per forage
"lbs/a lbs/a increment of N per lb N
0 2,391 a —
60 4,254 b 7(3 31.0
120 5,847 c 37 28.8
180 6,984 d 19 25.5
240 7,973 e 14 23.3
300 9,063 f 14 22.2
360 n coo ^9,588 g 6 20.0
420 10,182 h 6 18.5
480 10,769 i 6 17.5
1
~~ ~ "
———
Means with sane letter do not differ at the .05
level of significance.
Response of Corn for Silage to Applied Nitrogen
A study was conducted to determine effects of applied nitrogen (N),
plant population, and hybridization on the yield and quality of corn, Zea
mays L., for silage. Results of this study have been reported in detail in
Louisiana Agricultural Experiment Station Bulletin No. 676. Mean effects
of applied N on yield are reported in Table 4.
Table 4.—Mean effects of applied nitrogen (N) on corn for silage*
N,
lbs/a
Forage,
Green
tons/a
Dry
Grain,
lbs/a
% Grain
in forage
100 19.9 a 6.7 a 4,628 a 34.7 a
200 21.3 b 7.3 b 5,108 b 34.9 a
300 21.3 b 7.2 b 5,031 b 34.8 a
Means with same letter in columns do not differ at the .0E
level of significance.
'On dry matter basis.
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Forage yield, on both a green and a dry basis, and grain yield were
increased significantly by the application of 200 pounds of N as compared
to 100 pounds. However, yields were not increased with an increase to 300
pounds of N per acre
.
Grain content in the harvested forage was not affected by applied N.
since N rates affected both forage yield and grain yield similarly.
Whether 200 pounds of N would be economically justified over 100
pounds would depend mainly on (1 ) the cost of N, (2) the value of forage,
(3) the value of the grain, and (4) the availability of land.
Response of Forage Sorghum for Silage to Applied Nitrogen
A 5-year study was conducted to evaluate the response of a forage
sorghum, Sorghum vulgare Pers.. to rates of nitrogen (N), phosphorus
(P2O5), and potassium (K2O).
Plantings of Funk" s 102-F variety were made in early May each year. A
conventional grain drill was used to plant the seed in 7-inch drills at a rate of
25 pounds per acre.
N was applied at 100, 200. and 300 pounds per acre, and P2O5 and K2O
were applied at 50. 100. and 150 pounds per acre. Twenty-seven treat-
ments, comprising all combinations of rates of application for the three
nutrients, were used, and a no-fertilizer treatment was included as a check.
The sorghum was harvested when the grain in the upper half of the
seedhead was in the hard dough stage of maturity. Harvest dates averaged
about 95 days from planting. Dry matter content of the forage averaged
about 32.5 percent.
Mean forage yield and percent of grain in response to each applied
nutrient averaged over all rates of the other two nutrients are shown in
Table 5. That is, yield shown at the 100-pound rate of applied N was the
average yield of plots that received all three levels of P2O5 and K2O and
100 pounds of N. Thus, each mean shown in Table 5 is an average of six
treatments.
Most obvious were the increases in forage yield and grain content with
the use of a complete fertilizer compared with the absence of applied
fertilizer. Forage yield was almost doubled, and grain content increased
about sixfold in response to fertilizer.
Increasing applied N from 100 to 200 pounds per acre resulted in a forage
yield increase of 0.7 ton and a grain content increase of 3.6 percentage
units
.
Increases in yield in response to more than 50 pounds of P2O5 were
relatively small and not of practical significance.
Yield increased with each increment of K2O above the 50-pound rate.
The application of 100 pounds of K2O increased yield by 1 . 1 tons per acre
over that of 50 pounds of K2O.
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It appears from these data that an application of 100 pounds of N, 50
pounds of P2O5, and 100 pounds of K2O are adequate amounts of these
plant nutrients to support near maximum crop yield.
Response of a Bahiagrass-White Clover Mixture to Rates and Numbers
of Applications of Nitrogen
A 9-year study was conducted to evaluate the forage yield response of
Pensacola bahiagrass, Paspalum notatum Flugge, to rates of applied nitro-
gen (N), and to the number of N applications.
An experimental area of bahiagrass sod was established on a Providence
silt loam soil. Prior to establishment of the sod, 2 xh tons of dolomitic
limestone per acre were incorporated into the soil. Nitrogen treatments
were repeated on the same plots of soil each year throughout the course of
the study.
Eight N rates were applied in all combinations of one, two, and three
applications, along with a no-N check for a total of 25 treatments.
Table 5.—Mean effects of applied nitrogen (N), phosphorus (P2O5), and potassium (IfC
averaged over all possible combinations on the performance of a forage sorghum for sil
5-year average*
Annual rates, lbs/a Yield, % Grai
N P2°5 K20
green
tons/a
in thi
forag
0 0 0 9.9 a 2.9
100
200
300
17.1 be
17.8 cd
17.8 cd
14.7
18.3
18.7
I
50
100
150
17.4 be
17.6 cd
17.7 cd
17.8
16.9
17.0
50
100
150
16.7 b
17.8 cd
18.2 d
16.8
18.1
17.1
Means with same letter do not differ at the .05 level of
significance.
'Calculated on a dry matter basis.
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Phosphorus (P2O5) and potassium (K2O) were applied uniformly to all
plots annually in early fall at a rate of 140 pounds each per acre. At the same
time all plots were top-seeded annually to Louisiana S-l white clover,
Trifolium repens L., at a rate of 5 pounds per acre.
Plots were clipped to a 3-inch stubble when the forage height averaged
approximately 10 inches. Harvest intervals were between 3 and 6 weeks
throughout the season.
Each N rate was applied in a single, two-, and three-way split applica-
tion. Single applications were applied in mid-March. Half of the N of the
two-way split was applied in mid-March and half applied in late June.
One-third of the N of the three-way split was applied in mid-March,
one-third in late June, and one- third in early August.
Average total forage yield of the bahiagrass-white clover mixture by
year, as an average of all 25 treatments, is shown in Table 6. Yield for most
years was reasonably close to the overall mean of 1 1,485 pounds. Yield
was exceptionally low in 1960, and exceptionally high in 1962.
As an average over all N rates, the number of applications had little
effect on total dry forage per acre (Table 7). Yield response to applications
was generally consistent among all N rates.
Although the number of N applications had no apparent effect on total
forage produced, there was a pronounced effect on forage distribution
Table 6.—Dry forage yield of a bahiagrass-white clover mixture by year, averaged
over all 25 nitrogen rate-application combinations 1
Year
Yield,
lbs/a
1957
1958
1959
1960
1961
1962
1963
1964
1965
9,559 b
10,544 c
12,361 e
6,212 a
13,717 f
17,095 g
11,785 d
10,195 c
11,911 de
^Means with same letter do not differ at the .05 level
of significance.
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Table 7.—Mean forage yield response of a bahiagrass-white clover mixture to nitrogen
(N) applications 1
No of N
I Ic 1 U
,
appl ications lbs/a
1 11,590 a
2 11,509 a
3 11,357 a
Means with same letter do not differ at the .05
level of significance.
during the season (Figure 1). Single applications of N produced more
forage in May and June than did the other applications. However, from
early July until the end of the growing season growth obtained from the
single application was lowest.
2400
T 1 l i I —r r— I i | i i
MAY JUN JUL AUG SEP XT NOV1111111
Figure 1 .—Mean effect of application of N on seasonal yie!d of haNcsgrass. Average
of 5.4 clippings per year over 9 years.
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Yield distribution with two applications ofN was intermediate to that of
one and three applications. Growth rate peaked in early July with a single
application, early August with two, and early September with three appli-
cations.
Forage growth was lowest from May to August in response to N applied
in three applications and was highest from September until the end of the
season. Generally, as the number of applications increased from one to
three, peak growth periods were delayed 1 month, respectively, from July
to September. Yields at the end of the season were essentially the same,
regardless of the distribution of the N applied.
There was a significant forage yield increase with each increment of
applied N (Table 8) . The greatest percentage increase was with 120 pounds
of N. However, more forage was produced per pound of N with the
application of 180 pounds.
These data indicate that yields were affected in part by the inclusion of
clover. Clover accounted for a considerable amount of the forage produced
at the 0 rate of N. The extent to which clover contributed to the forage
mixture decreased as level of N was increased from 0 to 120 pounds.
Clover did not persist on plots that received more than 120 pounds of N.
Rate of applied N had little effect on the distribution of growth through-
out the season; it mainly affected the amount of growth (Figure 2). Forage
Table 8.—Mean yield response of a bahiagrass-white clover mixture to applied
nitrogen (N), 9-year average 1
N,
1bs/a
Yield >
lbs/a
% increase
per increment Lbs forage
per lb Nof N
0
60
120
180
240
300
360
420
480
5,887 a
7,086 b
8,780 c
10,425 d
11,806 e
12,810 f
13,192 g
13,578 h
14,208 i
20
24
19
13
9
3
3
5
20.0
24.1
25.2
24.7
23.1
20.3
18.3
17.3
Means with same letter do not differ at the .05 level of
significance.
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Figure 2.—Mean effect of N rates on seasonal yield of bahiagrass. Average of 5.4
clippings per year over 9 years.
produced in the absence of applied N was erratic among years, but as an
average (Figure 2, line A), appeared to grow uniformly throughout the
season.
None of the treatments resulted in the desired uniform distribution of
growth that would alleviate management problems of excess or insufficient
forage.
The Influence of Nitrogen Rate and Harvest Frequency on Forage Yield of
Three Perennial Grasses
Forage yields of three warm-season perennial grasses were compared
when harvested at different time intervals while using varying rates of
applied nitrogen (N).
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The grasses tested were dallisgrass, Paspalwn dilatatum Poir; Pen-
sacola bahiagrass. Paspalwn notation Flugge: and Coastal bermudagrass,
Cynodon dactylon (L.) Pers. All grasses were overseeded annually in the
fall with Louisiana S-l white clover. Trifolium repens L.
Phosphorus (P2O5) and potassium (K2O) were applied in the fall at a
uniform rate of 140 pounds each per acre.
Yield means for harvest intervals. N rates, and grasses are shown in
Table 9.
All N rates were applied in single, two-way. and three-way split applica-
tions. There were no differences in total yield due to the numbers of
applications of N or N rates, or among grasses.
Generally, within N rates, yield was highest for bahiagrass. followed by
bermudagrass and dallisgrass.
Table 9.—Effects of applied nitrogen (N) and harvest interval on dry forage
yield of three perennial grasses
1
Harvest
interval
,
weeks
3
5
7
5 (No N)
Season total yield
100 lbs N/a
Dal 1 i s Bahia
200 lbs N/a
Dal lis Bahia
Pounds per acre, 3-yr. avg., 1959-61
4,903
5,846
5,216
3,250
6,130 de
7,001 f
6,545 ef
3,870 b
6,510 ef
7,051 f
6,910 f
9,197 g
9,929 h
9,497 gh
Harvest
interval
weeks
200 1bs~N7a
Coastal Bahia
Season total yield
400 lbs N/a
'
Coastal Bahia
______ Pounds per acre -------
5-yr. av., 1961-65 3-yr. av., 1963-65
9,556 c 11,061 e
10,589 d 11,820 g
11,219 e 11,508 f
12,940 c 14,697 e
12,853 c 14,193 d
14,727 e 14,718 e
5 (No N) 5,198 a 5,711 b 4,325 a 5,865 b
Means with same letter in columns and rows within year average
groups do not differ at the .05 level of significance.
13
Differential response of the grasses to environmental conditions among
years probably accounted for the inconsistency that harvest interval had on
yield. For the 1959-61 test years, yields were lowest at the 3-week interval
of harvest and highest at the 5-week interval for both grasses at both N
levels. In the 1961-65 test, Coastal yields were highest at the 7-week
harvest interval and lowest at 3-week interval. Although yield differences
were small among all harvest intervals, 5-week intervals resulted most
often in highest yields.
In the 1963-65 test where 400 pounds of N was used, no real difference
in Coastal yield was obtained between the 3- and 5-week intervals. How-
ever, Coastal yields at both of these harvest intervals were nearly 1 ton per
acre lower than at the 7-week interval.
Relatively small yield differences were obtained due to harvest interval
on bahiagrass receiving 400 pounds of N per acre.
These data reveal that on a Lexington silt loam Pensacola bahiagrass and
Coastal bermudagrass are more responsive than dallisgrass to applied N.
Any increase in yield obtained by extending harvest intervals beyond 5
weeks is probably notjustified when effects of age on qualitative factors are
taken into account.
Response of Bahiagrass to Applied Nitrogen and Potassium
A 5-year study was conducted to evaluate the response of Pensacola
bahiagrass yield to varying rates of annually applied nitrogen (N), phos-
phorus (P2O5), and potassium (K2O). Results of this experiment were
reported in Louisiana Experiment Station Bulletin No. 701.
Rates of applied N and K2O and forage yields obtained are shown in
Table 10. Dry forage yield was increased by about 1-ton per acre with an N
rate of 300 pounds as compared to 200 pounds. An additional yield increase
of about half a ton per acre was obtained when the N rate was increased to
400 pounds.
Yield response from applied K2O appeared to be affected to a large
extent by the rate of N applied. That is, as N rates were increased, higher
rates of K2O were required to support near-maximum growth. These data
indicate that approximately 1 pound of K2O is needed for each pound of
applied N for greatest utilization of these nutrients, as expressed in yield.
Distribution of forage produced throughout the season, as affected by N
rate, is illustrated in Figure 3. Generally, applied N, regardless of rate, had
greater effect on total yield than on distribution of yield. Environmental
factors throughout the season seemed to affect the distribution of forage
growth. It appears from these data that proper utilization of forage through-
out the season would require varying the stocking rate and/or harvesting
excess forage as hay.
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Table 10.—Mean effects of applied N and K2O on the dry forage yield of Pensacola
bahiagrass, 5-year average 1
KoO,
15s/a
100
200
300
Av
10,381 a
10,819 b
10,873 b
10,691 A
N, lbs/a
30u~~
Forage, lbs/a
12,439 c
12,775 d
13,176 e
12,797 D
13,181 e
14,071 f
14,660 g
13,970 F
Av
12,001 B
12,555 C
12,903 E
Means with same letter do not differ at the .05 level of
significance.
No Fertilizer - 300 N, lbs/a
200 N, lbs/a 400 N, lbs/a
£ 2000
CD
Q_
CD
CD
TO
i—O
1600 -
1200 J
o
COo
400 .
o
MAY "jun"
"~7~~
JUL AUG SEP OCT
Figure 3.—Mean effect of applied N rates on seasonal yield of bahiagrass. Average of eight
clippings per year over 5 years.
Influence of a Nitrification Inhibitor on the Forage Yield of Millet
A study was conducted to compare forage yield of Gahi-1 millet,
Pennisetum glaucum L., in response to ammonium sulfate treated with
varying levels of a nitrification inhibitor (Dow 163).
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The treatment combinations and yield results are shown in Table 1 1
.
Within the 60-pound rate of drilled N, yield was highest with the
untreated ammonium sulfate. Yield decreased rather consistently as the
inhibitor content was increased from 0.2 percent to 1.6 percent. This
response was opposite to the effect expected.
Where N was applied broadcast yield was higher for the inhibitor-treated
N than with the untreated ammonium sulfate. Yield was generally lower
when 60 pounds of N was broadcast than when drilled.
At the 120-pound rate of N, there was a slight increase in yield with each
increase in inhibitor content except at the 1.6 percent level.
Table 1 1 .—Effects of ammonium sulfate (N) treated with a nitrification inhibitor (Dow
163) on the forage yield of millet
(NH4 ) 2 S04 Appl ied Method
Dow 163 N, N Yield,
treatment lbs/a apol ied lbs/a
0 2,355
None 60 Drilled 6,363
0.2% 60 Drilled 6,551
0.3% 60 Drilled 6,341
0.4% 60 Drilled 6,188
1.6% 60 Drilled 6,105
None 60 Broadcast 5,543
0.4% 60 Broadcast 5,640
1.6% 60 Broadcast 6,045
None 120 Drilled 7,669
0.2% 120 Drilled 7,931
0.3% 120 Drilled 8,126
0.4% 120 Drilled 8,171
1.6% 120 Drilled 7,099
L.S.D. at .05 level of significance 906
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Studies with Cool-Season Crops
Effects of Nitrogen Rate and Number of Applications on the Forage Yield
of Oats
A 6-year study was conducted to evaluate the forage yield response of
Moregrain oats, Avena sativa L., to rate and number of applications of
applied nitrogen (N).
Phosphorus (P2O5) and potassium (K2O) were applied annually at a rate
of 140 pounds each per acre. A conventional grain drill was used to apply
the fertilizer and plant the oats. The oats were planted in 7-inch drills at a
rate of 128 pounds per acre. Plantings were generally made in late Sep-
tember.
,
• 11 U1
Treatments were made up of eight rates of N applied in all possible
combinations of single, two-way, and three-way split applications. A no-N
treatment was included as a check.
Single applications of N were applied at planting. Half of the N of the
two-way split was applied at planting and half in February . One-third of the
N of the three-way split was applied at planting, one-third in late De-
cember, and one-third in early March. The oats were harvested to a 3-inch
stubble when the forage averaged 10 inches high.
Average yields per growing season over all 25 treatments are shown in
Table 12. Low yields in 1956-57 and in 1959-60 were attributed mainly to
lack of moisture in the fall and unusually long periods of low temperatures
during mid-winter.
Table 12.—Dry forage yield of oats averaged over all 25 nitrogen rate-application
combinations
Yield,
Season lbs/a
1955- 56 7,050 c
1956- 57 4,363 a
1957- 58 5,327 b
1958- 59 7,890 d
1959- 60 4,053 a
1960- 61 7,256 c
Means with same letter do not differ at the .05
level of significance.
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Applications of N had a small but consistent effect on total yield (Table
13). As an average over all N rates, dry forage yield was increased by
approximately 300 pounds per acre as the N applications were increased
from one to three.
The number of applicatioi is had a greater effect on the distribution of the
forage growth throughout the season than on total yield (Figure 4).
Averaged over all N rates, forage growth with single applications of N
was greater during the first half of the season than in the remainder of the
season. Growth response to the three-way split of applied N was lowest
until late December and highest from mid-March until the end of the
Table 13.—Mean effect of nitrogen (N) application on dry forage yield of oats 1
No. of N Yield,
applications lbs/a
1 5,671 a
2 5,968 b
3 6,238 c
Means with same letter do not differ at the .05
level of significance.
Table 14.—Mean yield response of oats to applied nitrogen (N), 6-year average 1
% Increase Lbs
N,
lbs/a
Yield,
lbs/a
per increment
of N
forage
per lb
0 1,690 a
60 3,307 b 96 26.9
120 4,481 c 35 23.3
180 5,498 d 23 21.2
240 6,140 e 12 18.5
300 6,676 f 9 16.6
360 6,989 g 5 14.7
420 7,242 h 4 13.2
480 7,341 i 1 11.8
Means with same letter do not differ at the .05
level of significance.
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season. Response of forage growth distribution to two-way split applica-
tions was intermediate to that of the single and three-way split applications
.
There was an increase in dry forage yield with each 60-pound increment
ofN through 480 pounds per acre (Table 14). Total yield was doubled with
the application of the first 60-pound increment ofN compared with the zero
level of N. However, 300 pounds of N was required to double the yield
obtained with 60 pounds of N.
Apparently, 480 pounds of N was nearly the maximum that could be
utilized because the percentage increase for the last N increment was only
1.0 percent.
Pounds of forage produced per pound of applied N decreased consis-
tently as the N rate was increased. The most economical rate of N to apply
would depend in part on (1) the cost of N, (2) the value of the forage, and
(3) the yield needed to meet forage requirements.
3000
OCT NOV DEC JAN FEB MAR APR MAY
Figure 4.—Mean effect of N applications on seasonal yield of oat forage. Average of
5.5 clippings per year over 6 years.
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Nitrogen rate had a lesser effect on distribution of forage growth
throughout the season than on total yield (Figure 5). Yields were consis-
tently higher thoughout the season with each increment of N. Growth was
more rapid in October and November at the higher N rates than at the lower
rates.
An initial flush growth occurred in early fall for all except the zero N
level. Growth declined to its lowest rate in mid-January. The rapid growth
throughout February, March, and April illustrates that acreage that pro-
vides sufficient forage during December and January also provides excess
forage in the spring. Excess forage is generally harvested as a hay crop.
Figure 5.—Mean effect of N rates on seasonal yield of oat forage. Average of 5.5
clippings per year over 6 years.
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Influence of Nitrogen Rate and Number of Applications on an
Oat-Ryegrass-Clover Mixture
A 6-year study was conducted to evaluate forage yield response of an
oat-ryegrass-clover mixture to rates and number of nitrogen (N) applica-
tions. Moregrain oats, Avena sativa L.; annual ryegrass, Lolium
multi-
florium (L.)Lam.: and common crimson clover. Trifolium incarnatum
L.,
were used as the crop mixture.
The oats were planted at a rate of 1 12 pounds per acre m 7-mch drills.
The ryegrass and clover were broadcast at 30 and 20 pounds per acre,
respectively. Plantings were generally made in late September.
Phosphorus (P2O5) and potassium (K2O) were applied annually at a rate
of 140 pounds each per acre at planting.
Treatments consisted of eight rates of N applied in all combinations of
single, two-way, and three-way split applications. A no-N treatment was
included as a check.
Single applications of N were applied at planting. Half of the N of the
two-way split was applied at planting and half in mid-February. One-third
of the N of the three-way split was applied at planting, one-third in late
December, and one-third in early March.
The crop was harvested to a 3-inch stubble when the forage averaged 10
inches high.
Total yields per growing season, averaged over all 25 treatment combi-
nations, are shown in Table 15. Yields of this crop mixture were more
consistent among years than were those of oats in a pure stand (Table 12),
Table 15.—Dry forage yield of an oat-ryegrass-clover mixture by season,
averaged over all 25 nitrogen rate-application combinations
1
Yield,
Season lbs/a
1955-56 7,472 b
1956-57 6,781 a
1957-58 8,724 d
1958-59 6,915 a
1959-60 6,968 a
1960-61 7,997 c
Means with same letter do not differ at the
.05 level of significance.
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which reflects some of the advantages a crop mixture provides as compared
to a single species. Generally, with a mixture one species will perform
favorably under conditions that may be adverse to the other species.
The number of applications in which N was applied had a consistent
effect on total yield (Table 16). Averaged over all N rates, as the number of
applications increased from one to three, total yield increased rather
linearly by about 800 pounds of forage per acre.
Table 16.—Mean effect of numbers of applications of nitrogen (N) on yield of an
oat-ryegrass-clover mixture 1
No. of N Yield,
appl ications lbs/a
1 7,034 a
2 7,355 b
3 7,839 c
Means with same letter do not differ at the .05
level of significance.
Table 1 7.—Mean yield response of an oat-ryegrass-clover mixture to applied nitrogen
(N), 6-year average 1
% Increase Lbs
N> Yield, per increment forage
1bs/a lbs/a of N per lb N
0 4,890 a
60 5,558 b 13.7 11.5
120 6,268 c 12.8 11.5
180 6,912 d 10.3 11.2
240 7,334 e 6.1 10.2
300 7,744 f 5.6 9.5
360 8,336 g 7.6 9.6
420 8,533 h 2.4 8.7
480 8,591 h 1.0 7.7
Means with same letter do not differ at the .05
level of significance.
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The number of N applications had a distinct effect on distribution of
forage growth throughout the season (Figure 6). Yield from single N
applications was highest from mid-October to February and lowest the
remainder of the season compared to the two- and three-way applications.
Three-way split applications ofN resulted in lowest yield in the first half of
the season and highest in the second half. Yield response to the two-way
split application was intermediate to that of the other applications through-
out the season.
There was a yield increase with each 60-pound increment of N through
420 pounds per acre (Table 17). The relatively high yield of forage without
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Figure 6.—Mean effect of N applications on seasonal yield of oat-ryegrass-clove
mixture. Average of 5.7 clippings per year over 6 years.
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applied N was probably due to the contribution made by clover. Clover
growth was not conspicuous in plots that received more than 1 20 pounds of
N per acre. The contribution of clover, particularly at the zero and lower
levels of applied N, may account for the relatively low percentage increase
per increment of added N, and the low amount of forage produced per
pound of applied N. Based on the percentage increase (1.0 percent) of the
last increment of added N, it appears that 420 pounds of N per acre
approached the maximum amount this crop mixture could utilize.
Effect ofN rates on the seasonal distribution of forage growth are shown
in Figure 7. Growth patterns throughout the season for all N rates were
essentially the same. Generally, yield was consistently higher throughout
Figure 7.—Mean effect of N rates on seasonal yield of oat-ryegrass-clover mixture.
Average of 5.7 clippings per year over 6 years.
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the season with each increment of X. In October and Xovember there was a
conspicuous lack of growth in the forage that did not receive applied X.
Such a management scheme would not normally supply forage for grazing
until early March.
Effects of Nitrogen Application Interval on the Forage Yield of an
Oat-Ryegrass-Clover Mixture
A study was conducted to determine the effect of nitrogen ( X ) applied at
monthly intervals on total yield and yield distribution of an oat-ryegrass-
clover mixture. Moregrain oats. Arena sativa L. : annual ryegrass. Lolium
mulriflohum (L. ) Lam.: and common crimson clover. Trifolium incar-
nation L.. were planted in combination as the test crop.
The crop mixture was planted with a conventional grain drill. Oats were
planted in "-inch drills at a rate of 1 1 2 pounds per acre . Ryegrass and clover
were broadcast at rates of 30 and 20 pounds, respectively. Plantings were
made in early October.
Phosphorus (P2O5) and potassium (K2O) were applied at a rate of 140
pounds each per acre with the grain drill at planting.
Two rates of X were applied in all combinations with seven different
intervals of application. Intervals were based on 30-day increments, begin-
ning at the planting date and extending over the season. The treatment that
did not receive any applied X served as the check.
The crop was harvested to a 3 -inch >tubble when the forage averaged 10
inches in height.
Yield means for the two rates of X. averaged over all frequencies, and
the check treatment are shown in Table 18.
Yield increased significantly with the use of applied X, However, yield
of the plots without applied X was more than half that of the plots that
Table 18.—Mean effects of applied nitrogen (N) on the dry forage yield of an
oat-ryegrass-clover mixture,, 5-year average
N, Yield,
lbs/a lbs/a
0 4,361 a
200 6,855 b
400 7,404 c
Means with same letter do not differ at the .05
level of significance.
received 400 pounds. These data indicate that clover contributed consid-
erably to the total yield of the plots that did not receive any applied N.
Overall effects of N rate on the growth distribution of the crop mixture
throughout the season are shown in Figure 8. Forage production was
consistently greater over the season in response to 400 pounds ofN per acre
than it was with 200 pounds. The decline in growth during mid-winter is
generally attributed to low temperature.
The data indicate that the growth rate was consistent over the season for
the forage mixture that did not receive applied N. On the contrary, how-
ever, growth rate was more inconsistent over the season among years in the
absence of applied N than with it, resulting in a predicted uniform growth
rate.
Total yields were numerically close in response to application intervals
averaged over N rates (Table 19). Lowest yields occurred with a single
application of N applied at planting and two applications at a 180-day
interval. The second application of the 180-day interval was made in
mid-April, which generally is considered too late in the season for a growth
response.
Growth distributions of the crop mixture as affected by N application
Table 1 9.—Mean effects of nitrogen (N) application interval on dry forage yield of an
oat-ryegrass-clover mixture, 5-year average 1
Wo.
N Appl ication
~~
— T
1
_
n
Interval
Yield,
I Ds/
a
1 At planting 6,908 a
1 ou uays 7 237 b
4 60 days 7,204 b
3 90 days 7,201 b
2 120 days 7,194 b
2 150 days 7,340 b
2 180 days 6,821 a
Means with same letter do
level of significance.
not differ at the .05
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Figure 9.—Mean effect of interval of N application on seasonal yield of an oat-
ryegrass-clover mixture. Average of 5.4 clippings per year over 5 years.
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intervals are shown in Figure 9. N application intervals of 30, 60, and 90
days (line A) provided the most uniform growth over the season. These
data indicate that N applied in three or more applications, spaced at no
greater than 90-day intervals was superior in maintaining uniform forage
growth to N applied at intervals greater than 90 days.
Generally, the greater the number of days between the first and second N
application the less the forage growth in January and February.
Effects of Nitrogen Rates and Application Combinations on the Forage
Yield of an Oat-Ryegrass-Clover Mixture
A 3 -year study was conducted to determine the effects nitrogen (N) rates
applied in different application combinations would have on the yield of a
forage crop mixture. The mixture included Moregrain oats, annual rye-
grass, and common crimson clover. The crop was planted in mid-
September each year with a conventional grain drill.
Phosphorus (P2O5) and potassium (K2O) were applied annually at a rate
of 140 pounds each per acre at planting.
Application combinations of the applied N and the time of applications
were as follows:
Application
combination of N
1
Time of
N application
All N applied at planting
3/4 + Va 3A of N applied at planting.
Va in mid-February
% + V3 % of N applied at planting.
% in mid-February
V2 + V2 V2 of N applied at planting.
Vz in mid-February
V2 + Va + Va Y2 of N applied at planting ,
Va in late December,
Va in early March
V3 + V3+ Vs V3 of N applied at planting,
Vs in late December,
Vz in early March
The mean effects of N rate and application combination on yield are
shown in Table 20. Yield was increased by approximately 1 ,000 pounds of
forage per acre with each increment of N. Total yield was relatively high
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Table 20. Mean effects of nitrogen (N) rate and application combination on yield of
an oat-ryegrass-clover mixture, 3-year average
1
N rates,
lbs/a
Yield,
lbs/a
Appl ication
combination
Yield
lbs/a
0
80
160
240
300
5,112 a
6,009 b
7,399 c
8,262 d
9,197 e
3/4 + 1/4
2/3 + 1/3
1/2 + 1/2
1 at planting
1/4 + 1/4 + 1/4
1/3 + 1/3 + 1/3
6,909 a
7,208 ab
7,370 be
7,614 bed
7,694 cd
7,745 d
1
Means with same letter in yield columns do not differ at the
.05 level of significance.
for the forage that did not receive any applied N, indicating that clover
probablv contributed substantially to the total yield.
Total yield increased with combinations that distributed N more equally
over the season, but not to a large extent.
Mean effects of N rates on seasonal distribution of growth are shown m
Figure 10. Yield of the forage that did not receive applied N was lowest
over the season.
Yield distributions for the 80-. 160-. and 240-pound rates were similar,
each declining during mid-winter. Yield at the 300-pound rate reflected a
more uniform growth rate throughout the season.
Mean effect'of N application combinations on yield distribution are
shown in Figure 1 1 . Yield was uniform from mid-October to mid-February
in response' to one application of N applied at planting. Applied N,
particularly at the heavier rates, probably stimulated growth of the grasses
in the fall, which suppressed establishment of the clover. Absence of clover
in the spring, in conjunction with N being applied in the fall, resulted in
lower yield in March and April.
Yield distribution from combinations involving two N applications were
essentially the same throughout the season. Yield distributions involving
three N applications were also similar.
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Figure 10.—Mean effect of N rates, averaged over six application combinations, on
seasonal yield of an oat-ryegrass-clover mixture. Average of six clippings per year over
3 years.
Sodium Nitrate and Ammonium Nitrate Compared on a
Pound-For-Pound Basis as a Source of Nitrogen for Forage Production
A 3-year study was conducted to compare sodium nitrate (NaNOs) to
ammonium nitrate (NH4NO3) as a source of N for an oat-ryegrass-clover
mixture. The materials were compared on a pound-for-pound basis at five
rates. Both materials were popular and competitive as sources of N,
particularly during the 1950's.
A crop mixture of Moregrain oats, annual ryegrass, and common crim-
son clover was planted with a conventional grain drill. Phosphorus (P2O5)
and potassium (K2O) were applied at a rate of 140 pounds each per acre at
planting. Nitrogen was applied in a two-way split application, half at
planting and half in mid-February.
Rates ofN material used and yield data are shown in Table 21 . Yield was
higher with NH4NO3 than NaNOs at each rate tested. Yield increases were
significant through the application of 1 ,000 pounds ofNaNOs and through
800 pounds of NH4NO3.
Nitrogen utilization was equally efficient from both N sources at the
200-pound per acre rate. At the 400-pound rate, NH4NO3 produced almost
1 pound more forage per pound of applied N than did NaNOs. From 600 to
1,000 pounds of material per acre, NaNOs produced more forage per
pound of applied N than did NH4NO3. One important point of considera-
tion is that for the respective rates of material per acre, NH4NO3 supplied
slightly more than twice as much available N than did NaNOs.
Clover probably contributed to total yield up through the application of
800 pounds of NaNOs and through 400 pounds of NH4NOs.
Tab|e 21.—Yield response of an oat-ryegrass-clover mixture to NaNOs and
NH4NO3, 3-year average 1
N Material
,
lbs/a
Yield, lbs/a Lbs. foraqe/lb N
NaN0
3
NH
4
N0
3
NaN0
3
NH
4
N0
3
None — 5,784 a
16.9200 6,329 b 6,918 c 17.0
400 6,724 c 7,871 d 14.7 15.6
600 7,551 d 8,319 e 18.4 12.6
800 7,817 d 9,154 f 15.9 12.6
1,000 8,313 e 9,391 f 15.8 10.8
Means with same letter do not differ at the .05 level
of significance.
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Comparison of Nitrogen Sources for Forage Production
A study was conducted to evaluate commercially available sources of
nitrogen (N) for forage production of an oat-ryegrass-clover mixture.
Nitrogen was applied in both a single and a two-way split application at a
rate of 160 pounds per acre the first 2 years and 200 pounds the third year.
Phosphorus (P2O5) and potassium (K2O) were applied at rates of 80 pounds
each per acre the first 2 years and 100 pounds each the third year.
Nitrogen sources and the respective yields are shown in Table 22. As an
average of all sources, single versus split applications ofN had little effect
on total yield. The largest reduction in yield occurred with urea applied in
split applications. Increased yields with split applications instead of single
applications were highest with (NH4)2 SO4 and NaNOs (Chilean). Yield
differences due to source of N probably are not as important as cost of N,
equipment needed for storage, and application.
Table 22.—Comparison of nitrogen (N) sources on forage yield of an oat-ryegrass-
clover mixture 1
N % N Appl ications
Source N Single Split
Yield, lbs/a - -
None 3,513 a
NaN0
3 (Chilean) 16. 0 7,316 abc 7,746 c
NaN0
3 (Synthetic) 16. 0 7,762 c 7,591 be
NH
4
N0
3
33. 5 7,061 a 7,255 ab
Uran 33. 0 7,152 ab 7,151 ab
3-year average 7,323 A 7,436 A
(NH
4 ) 2
S0
4
21. 5 6,987 ab 7,531 b
Urea 46. 0 6,971 ab 6,229 a
NH
3
82. 0 6,267 a 6,724 a
2-year average 6,742 A 6,828 A
Means with same letter in year average groups do not
differ at the .05 level of significance.
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Effects of Applied Nitrogen on an Oat-Ryegrass Mixture
A 5-year study was conducted to measure the yield response of an
oat-ryegrass mixture to nitrogen (N) rates applied in combination with
various rates of phosphorus (P 20 5 )and potassium (K 20). Treatment ef-
fects on yield, mineral content, and qualitative components were reported
in Louisiana Agricultural Experiment Station Bulletin Number 680.
Treatment effects on nutrient removal and soil chemical changes were
reported in Louisiana Agricultural Experiment Station Bulletin Number
Moregrain oats and Gulf ryegrass were seeded at rates of 1 12 pounds per
acre drilled and 20 pounds per acre broadcast, respectively.
All of the phosphorus and potassium were applied and incorporated into
the soil prior to planting. Half of the N was applied at planting, and
one-fourth in both mid-December and mid-March.
Harvests were made when the forage averaged about 10 inches high.
Forage was cut to a stubble height of 4 inches the first 4 years, and 3 inches
the fifth year.
Mean effects of applied N and K2O on total yield are shown in Table 23.
Yield increased significantly as N application was increased from 200 to
400 pounds per acre. Significant yield increases to the higher rates of K2O
were obtained in combination with the higher rates of N.
Table 23.—Mean effects of applied N and K2O on dry forage yield of an oat-ryegrass mixture,
5-year average 1
K20, lbs/a
100 200 300 Av
------ Forage lbs/a ----------
200 7,501 a 7,732 b 7,790 b 7,674 A
300 8,054 c 8,610 e 8,682 e 8,448 C
400 8,449 d 9,053 f 9,324 g 8,942 E
Av 8,001 B 8,465 C 8,599 D
Means with same letter do not differ at the .05 level of
significance.
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Figure 12.—Seasonal mean effects of applied N on the forage yield of an oat-ryegrass
mixture. Average of seven clippings per year over five years.
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Seasonal growth distribution curves of the forage mixture in response to
the mean effects of applied N are shown in Figure 12. Yield throughout the
season was generally increased with each increase in applied N. Distribu-
tion of yield over the season was not affected by amount of N applied . The
slope of the response curve of the non-fertilized forage was essentially the
same as those of the fertilized forage.
The Influence of a Nitrification Inhibitor on the Forage Yield of an
Oat-Ryegrass Mixture
A study was conducted to compare the yields of an oat-ryegrass mixture
from applications of ammonium sulfate. (NH4>2 SO4. with and without a
nitrification inhibitor (Dow 163).
Nitrogen (N) was applied at a rate of 200 pounds per acre. Both
phosphorus (P2O5) and potassium (K2O) were applied at a rate of 100
pounds per acre.
The treatments compared m this study and respective total dry matter
yields are shown in Table 24. As an average, yield response to untreated
ammonium sulfate was equal to or superior to that of the treated N material
.
Generally, the number of applications of N had a greater effect on yield
than whether the N material was treated or untreated.
Although yields in response to untreated N were among the highest,
there was a tendency for yields to increase as the inhibitor content was
increased from 0.2 to 0.4 percent.
Yield Response of Double-Cropping Ryegrass and Millet to Nitrogen
Sources and Rates
A study was conducted to compare the effectiveness of sulphur-coated
urea (SCU) as a slow release source of nitrogen (N) with that of other N
sources. The objective was to identify a source ofN which when applied at
planting would provide a uniform release of available N over the season to
avoid excessive uptake by the plants and losses by leaching, run-off. and
volatilization.
Gulf ryegrass and Gahi-1 pearl millet were the crops used. Phosphorus
(P2O5) and^potassium (K2O) both were applied at a rate of 200 pounds per
acre in the fall. None was applied in the spring.
Nitrogen treatments and yields are shown in Table 25. Higher solubility
percentages of SCU generally resulted in higher ryegrass yield and lower
millet yield. Combined yield was about 1 .000 pounds per acre higher for
SCU- 10 than for SCU-30. at both rates of applied N.
Ammonium nitrate and urea, when applied in split applications, in most
cases were equal to or superior to SCU. However, urea applied in a single
application resulted in lowest yield of both crops.
Additional N applied in the spring increased yield, but the pounds of
35
Toble 24.— Effects of ammonium sulfate treated with 'Dow 163' nitrification inhibitor
on the forage yield of an oat-ryegrass mixture
Dow 163 Nitrogen
treated No. of Method Yield
(NHA ) 9 SO, applications applied lbs/a
? fii i£,011
MNone ii Ui 1 1 1 trU R D7ZL
None 9L. ill orlUr 1 1 i eu O 5 d Z70
None 9 riv- i 1 1 oH £ ^77
None 7/ nv« i 1 1 oHu r 1 I I cu R 1 R7O j 1 3/
0.2% 1 Drilled 7,111
n 9°/U . Llo
o
L ur l i i ea 7 cm
U . O/o 1 ur i i 1 ea 7 197
0.3% 2 Drilled 8,488
0.4% 1 Drilled 7,776
0.4% 2 Drilled 8,758
1.6% 1 Drilled 7,527
1.6% 2 Drilled 7,314
None 2 Broadcast 8,559
0.4% 2 Broadcast 8,064
1.6% 2 Broadcast 8,707
LSD at the .05 level of significance 670
forage produced per pound of applied N were generally lowest.
There apparently was no carry-over of fall-applied N at the 200-pound
rate on millet yield, as indicated by the check treatment yield. At the
400-pound rate of fall-applied N, carry-over N accounted for from 500 to
2,000 pounds of additional millet yield.
These data indicate that there is, at the present, no commercially avail-
able source ofN that can be applied in a single application that will provide
yields equal to two or more applications of a given rate over a period of
several months.
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Table 25. Dry forage yield response of ryegrass and millet to
nitrogen (N) sources and rates
Source
Application of N
lbs/a Yield, lbs/a Combined
Combined
lbs forage
per lb N
of N Fall Spring Ryegrass m 1 let V i q 1 H1 1 e 1 u
Check
SCU-10*
SCU-20
SCU-30
200
200
200
---
2919
5165
5364
5632
3595
4664
3163
3345
6514
9829
8527
8977
16.6
10.1
12.3
NH4N0 3
NH4NO0**
Urea
Urea**
200
200
200
200
---
5454
5921
5074
5925
3403
3143
3390
3716
8857
9064
8464
9641
11.7
12.7
9.7
15.6
NH4NO3**
NHAN0o**
NH4NO3**
200
200
200
100
200
400
6203
6472
6206
4530
4737
6483
1 0733
11209
12689
14.1
11.7
10.3
SCU-10*
SCU-20
SCU-30
400
400
400
---
7030
7334
7165
5226
4147
4707
12256
11481
11872
14.4
12.4
13.4
NH4NO3
NH AN0.**
Urea
Urea**
400
400
400
400
--- 7061
7670
6607
7349
5097
5413
4216
4614
12158
13083
10823
11963
14.1
16.4
10.8
13.6
NH.NO.**
NH>0o**
NH4NO3**
400
400
400
100
200
400
6936
7059
7552
5751
6669
7391
12687
1 3728
14943
12.3
12.0
10.5
LSD at .05 279 1104
*SCU - sulphur coated urea. The respective number is the % of N
solubility in 100° F water at 7 hours.
**N applied in 3-way split.
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Summary
Millet, oats, ryegrass, bahiagfass, and bermudagrass all responded to
400 or more pounds of applied N per acre. Yields of corn and forage
sorghum did not increase with applications of more than 200 pounds of N.
Nitrogen applied in split applications did not alter total yield as com-
pared with a single application. Splitting N applications on bahiagrass and
oat-ryegrass mixtures did alter the growth distribution throughout the
season. As N applications were increased from one to three, peak dry
matter production of bahiagrass shifted from mid-July to early September.
The yield distribution of an oat-ryegrass mixture tended to be more uniform
through the season with three N applications than with fewer applications.
A nitrification inhibitor showed no consistent beneficial effect on the
yield of an oat-ryegrass mixture or of millet.
In forage crops which included a clover it was apparent that the clover
contributed largely to total yield only when less than 120 pounds of N was
used.
Small yield differences due to source of applied N indicate that N should
be purchased based on the cost of N per pound and not on source. Other
points to consider include costs of handling and of application.
These data indicate that with good management practices, grasses re-
spond well to applied N. The economic value of applied N is determined
not only by forage yield but also by monetary value of the salable product
derived from the forage.
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